In patients with influenza-related myocarditis, prompt diagnosis and treatment are important. Intravenous zanamivir can be an alternative to oral oseltamivir, especially in severe cases and when drug intestinal malabsorption is suspected or proven.
| INTRODUCTION
Influenza virus may affect myocardial muscle, producing severe myocarditis, a clinical condition with a high mortality rate. We report a case of a 23-year-old woman diagnosed with acute A(H1N1)pdm09-related myocarditis. After a timely diagnosis and prompt intravenous treatment with zanamivir, the patient experienced a full clinical response.
Influenza causes every year a great burden of diseases worldwide, with a high associated mortality, especially among fragile patients. Influenza may involve organs other than lungs, such as heart with exacerbation of underlying conditions (eg, ischemic heart disease), myocarditis, and/or pericarditis. 1 Myocarditis is an acute inflammation of myocardium, which is diagnosed in approximately 0.4%-13% of hospitalized adult with documented influenza. 1 As for epidemiological and clinical characteristics, patients with influenza-related myocarditis are predominantly young (mean age 33.2 years) and female (63%). 2 Influenza-associated myocarditis spans a wide spectrum of clinical pictures, from asymptomatic to severe and fulminant disease, with hemodynamic shock, requiring high dosage of catecholamine and extracorporeal circulatory support. 1 This condition is characterized by a high mortality (up to 27%). 2 In patients hospitalized for severe or progressive pandemic influenza A(H1N1)pdm09 infection, early treatment with oseltamivir, a neuraminidase inhibitor, is strongly recommended. 3 Although a very limited case series showed that oseltamivir is well absorbed when given through nasogastric feeding tube, 4 oseltamivir cannot be considered an optimal empiric in such cases for still persistent pharmacokinetic constrains. Moreover, patients requiring mechanical ventilation may be affected by defective enteral drug absorption, which may further harm oseltamivir absorption. 5 Lastly, resistanceassociated mutations of influenza A(H1N1)pdm09 virus to oseltamivir could limit its activity, 6 especially in cases when bioavailability maybe not guaranteed.
In the last few months, intravenous (IV) zanamivir (600 mg twice daily) became available for treatment of patients with severe influenza.
To date, data on outcome of adult patients with influenzarelated myocarditis treated with IV zanamivir are scarce. To the best of our knowledge, only Jahns et al 5 recently reported two cases of acute myocarditis in patients with influenza successfully treated with IV zanamivir. Herein, we report a case of an influenza A(H1N1)pdm09 virus, complicated by severe myocarditis, timely treated with IV zanamivir available through a compassionate use program.
| CASE REPORT
During influenza season 2017-2018, a 23-year-old Caucasian woman, with partial trisomy 1q from DE NOVO translocation 1:8, 7 was admitted to a peripheral hospital and immediately transferred to our tertiary-level intensive care unit (ICU) for acute respiratory distress syndrome (ARDS), to be evaluated for extracorporeal membrane oxygenation (ECMO) support.
Five days before hospital admission, the patient reported onset of fever, cough, and shortness of breath. At admission and before starting empiric antimicrobial therapy (ceftazidime 2 g IV three times daily, levofloxacin 500 mg IV twice daily, and vancomycin 2 g IV daily), we immediately performed routine microbiological cultures (blood, urine, flu testing, and surveillance for multidrugresistant bacteria).
Protective mechanical ventilation was instituted in volume-controlled mode, in association with continuous IV infusion of neuromuscular blocking agents (cisatracurium besylate 1-2 mcg*kg/min). Arterial blood gases (ABGs) showed a moderate alteration of gas exchange (arterial partial pressure to inspired fraction of oxygen [PaO 2 /FiO 2 ] of 168 mm Hg) not requiring ECMO support.
Because of persistent hypotension (ie, mean arterial pressure <65 mm Hg) despite fluid resuscitation, a pulmonary artery catheter (Swan-Ganz CCOmbo V, Edwards Lifesciences LLC) was inserted for hemodynamic assessment, and continuous infusion of norepinephrine (0.7 mcg*kg/min) and dobutamine (5 mcg*kg/min) was started. The body temperature was 38.4°C. Sequential Organ Failure Assessment (SOFA) score was 8.
In addition to high inflammatory indexes, we found signs of acute liver injury, a mild increase in blood creatinine levels, and an abnormal increase of cardiac and muscular enzymes. Blood test results along the ICU admission are shown in Table 1 . No electrocardiogram alterations were found, while cardiac ultrasound revealed transient wall thickening, reduction of wall motion with severe left ventricular ejection fraction (LVEF) of 30%, and mild (~3 mm) pericardial effusion.
We therefore postulated three main differential diagnosis as follows: (a) myocarditis; (b) direct myocardial damage due to severe septic shock (ie, Takotsubo stress cardiomyopathy); and (c) sepsis-induced myocardial depression. So, following criteria set up by European Society of Cardiology (ESC) Working Group on Myocardial and Pericardial Diseases, 8 we made diagnosis of myocarditis, with no need to perform EMB. Indeed, our patient presented clinical criteria and two diagnostic criteria (altered myocardiocytolysis markers and functional/structural abnormalities on cardiac ultrasound). Furthermore, chest high-resolution computed tomography (HRCT) showed a diffuse ground glass aspect with pulmonary consolidations.
All microbiological cultures came back as negative, but polymerase chain reaction (PCR) performed on nasopharyngeal swab (Biofire ® FilmArray ® Respiratory Panel, BioMèrieux diagnostics) came back as positive for influenza A(H1N1)pdm09 virus. After obtaining urgent local ethical committee approval, IV zanamivir (600 mg twice daily) was administered for compassionate use, the same day of ICU admission (Day 0), in adherence with the European Medical Agency (EMA) recommendations. 9 On day 3 from ICU admission and zanamivir administration, a follow-up cardiac ultrasound showed a general improvement of myocardial wall motion and indexes (LVEF 40%). Therefore, catecholamines dosing was progressively reduced and stopped on day 5. Cardiac enzymes also progressively improved, as well as liver function tests.
On day 10, ventilator-associated pneumonia was diagnosed, and a bronco-aspirate cultural exam showed extensively drug-resistant Acinetobacter baumannii infection (susceptible only to colistin) with new lung infiltrates at chest X-ray. 10 So, colistin (4.5 MU IV twice daily and 1.5 MU per aerosol twice daily), rifampicin 600 mg IV daily, and meropenem 2 g IV three times daily for 14 days were prescribed.
On day 12, nasal-pharyngeal swab results became negative for influenza A(H1N1)pdm09 virus, and zanamivir was withdrawn. On day 14, the patient recovered from hypoxemic acute respiratory failure (PaO 2 /FiO 2 236 mm Hg with a positive end-expiratory pressure of 8 cmH 2 O), and she was weaned off from invasive mechanical ventilation through noninvasive ventilation (NIV). 11 On day 16, NIV was stopped, and high-flow oxygen through nasal cannula was started to proceed with weaning and a progressive respiratory muscle unload. 12 Patient was discharged from ICU on day 21, with complete resolution of the disease and improvement of blood tests. On day 34, the patient was discharged to home. At 60-day follow-up, both echocardiography and blood tests were completely returned within normal ranges.
| DISCUSSION
During influenza season, particular awareness is necessary on possible complications of influenza virus. Among 58 patients with influenza A(H1N1)pdm09 virus infection, the prevalence of influenza-related myocarditis was reported to be around 62%. 2, 13 Myocarditis diagnosis is generally clinical, based on a combination of symptoms, elevated cardiac enzymes, and echocardiographic findings. 1 Furthermore, most patients presented nonspecific abnormalities at electrocardiogram, such as ST elevation (34%) and inverted T waves (24%). 2, 13 Nowadays, almost 50 cases of influenza-related myocarditis are described in the literature; among these cases, in 70% of patients, influenza A(H1N1)pdm09 virus was isolated. 1 During pandemic influenza seasons, it is crucial to routinely perform flu swabs to every patient admitted for respiratory disease. Moreover, surveillance and high level of attention for influenza-related complications are required. Beyond a timely diagnosis, a prompt prescription of an adequate antiviral treatment is fundamental for the clinical outcome. Originality of our case consists in the prompt initiation of IV zanamivir, started just few hours after ICU admission (as soon as influenza A(H1N1)pdm09 virus was detected in the nasopharyngeal swab), with excellent clinical outcome. In individuals who may suffer from immunosuppression (which might be correlated to partial trisomy 1q syndrome in our patient), this proactive approach may be particularly useful. 7 Our patient was prescribed high supportive measures, such as invasive mechanical ventilation, deep sedation, neuromuscular blocking, and vasoactive agents, affecting gastrointestinal peristalsis and adsorption of drugs administrated via nasogastric feeding tube. So, the recommended first line treatment, oseltamivir administered orally, could have been less effective than zanamivir for pharmacokinetic constrains. 14 Good bioavailability of oseltamivir administrated orally via nasogastric tube was not extensively demonstrated. 4 Moreover, oseltamivir may be less effective than zanamivir for H1N1 strains with resistance mutations. Therefore, IV zanamivir as empiric treatment in patients with severe clinical conditions lets overcome limitations due to resistant strains and impairment of intestinal absorption. Moreover, compared to zanamivir, oseltamivir may prolong viral excretion and symptoms in case of infections due to H1N1 influenza strains harboring H274Y mutation. 15 Therefore, oseltamivir cannot be considered to be a good empiric treatment in any cases, while IV zanamivir may allow to treat strains of influenza resistant to oseltamivir or patients with enteral malabsorption. The use of IV zanamivir was already shown to be effective in the treatment of patients with influenza A(H1N1)pdm09-related pneumonia. 14 Recently, Jahns et al 5 reported two cases of patients treated with IV zanamivir for influenza-related myocarditis and enteral malabsorption, ascertained with a paracetamol absorption test. These two patients had more severe damage of heart function than ours, so extracorporeal life support for cardiogenic shock was necessary. 5 However, similarly to our case, cardiac function rapidly improved, with an almost complete resolution of the heart impairment. 5 Both patients reported by Jahns et al 5 and our case are characterized a major limitation. Indeed, endomyocardial biopsy (EMB) was not performed, in our case to avoid further complications in a patient who was already in critical condition. Moreover, clinical conditions improved promptly after IV zanamivir, not requiring further tests. By contrast, as previously shown by Ito et al, 16 influenza A(H1N1)pdm09 virus would probably have not been detected in myocardial cells since sensitivity of this exam is suboptimal. This is mainly due to lower virus burden in the myocardium, compared to the respiratory tract. 17 Although EMB remains the gold standard for diagnosis of myocarditis, it is used infrequently, 8 and other criteria have been listed and validated by ESC as reliable to establish a diagnosis.
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| CONCLUSIONS
During influenza seasons, particular surveillance strategies are required to promptly diagnose influenza A(H1N1)pdm09 virus infection and its possible complications, such as myocarditis. This is especially necessary for those patients who are more likely to develop severe complications, such as pregnant women, elderly people, and patients with comorbidities impairing immune systems. As for the latter, genetic disorders similar to that of our patient have been associated with a spectrum of immunological abnormalities. 7 Prompt initiation of IV zanamivir was successful in our patient, despite her immunocompromised status, the respiratory diseases, and the severe myocarditis. To date, data are still very limited and further studies with an adequate design are necessary to provide more strong evidences about the ideal management of such patients. Awaiting further and more powerful studies, we believe that our results provide further support to the very recent granting of marketing authorization for IV zanamivir under exceptional circumstances set by EMA. 9 
